The supersymmetric particles (sparticles) belonging exclusively to the electroweak sector of the minimal supersymmetric standard model (MSSM) may hold the key to the observed dark matter relic density in the universe even if all strongly interacting sparticles are very heavy. The importance of the light EW sparticles in DM physics and in producing spectacular collider signals is emphasized. It is shown that even the preliminary data on the direct searches of these sparticles at the LHC, significantly constrain the parameter space of the MSSM compatible with the observed relic density and provide hints about the future search prospects. If in addition to the electroweak sparticles the gluinos are also within the reach of the LHC experiments, then the gluino mass limits in the light slepton scenario obtained via the jets + E / T channel may be relaxed by as much as 25 % compared to the existing limits. But the corresponding same sign dilepton (SSD) + jets + E / T signal will yield enhanced limits competitive with the strongest limits currently available. This is illustrated with the help of benchmark scenarios at the generator level using PYTHIA. If the gluinos are just beyond the current reach of the LHC, then the generic n-lepton + m-jets + missing energy signal may discriminate between different DM producing mechanism by comparing the signals corresponding to different values of n. This is illustrated by simulating the signals for n = 0 and n = 2 (the SSD signal).
Introduction
Supersymmetry(SUSY) is a theory of elementary particles which for the first time relates bosons and fermions through symmetry transformations (see e.g., [1] [2] [3] ) . Apart from its aesthetic appeal this theory solves several practical problems. For example, the standard model (SM) of particle physics has no explanation of the observed dark matter (DM) relic density in the universe [4, 5] . In contrast the minimal supersymmetric standard model (MSSM) 1 with R-parity conservation provides an attractive DM candidate: the lightest neutralino ( χ 0 1 ) [3, 6] . This weakly interacting massive particle (WIMP) is chosen to be the lightest supersymmetric particle (LSP) in many SUSY models. By virtue of R-parity conservation it is stable and whenever an unstable heavier superparticle (sparticle) is produced in an accelerator it eventually decays into the LSP.
Being a stable WIMP the LSP escapes detection, providing there by the missing energy signature -the hallmark of sparticle production. This is one of the many spectacular interconnections between particle physics and cosmology. Naturally the search for SUSY had been a top priority programme at the recently concluded experiments at the Large Hadron Collider (LHC) at 7 and 8 TeV [7] [8] [9] [10] and will continue to occupy the central stage of the upcoming LHC experiments at 13/14 TeV.
A large number of phenomenological analyses have also addressed the issue of SUSY search at the LHC-7/8 TeV experiments [11] . The implications of the LHC constraints for neutralino DM have been studied in some recent analyse [12] [13] [14] [15] .
No signature of SUSY has been discovered even after several decades of painstaking accelerator based searches including the ones at the LHC. Only lower bounds on the particle masses are available. Therefore the above interconnection, though elegant in principle, can not be verified as yet. The best one can do at the moment with these bounds is outlined below.
The first step is to compute the DM relic density in a given model of SUSY breaking.
This depends on the i) pair annihilation cross section of the LSP and/or ii) the cross section of the coannihilation of the LSP with other sparticles. The sparticle masses in the model under 1 in this paper MSSM stands for a general model without specific assumptions regarding SUSY breaking consideration determine the parameter space consistent with the relic density data. One can then find out the parameter space consistent with both the relic density and LHC data.
Even this limited goal cannot be attained without ambiguity. This is due to the fact that in many scenarios the current bounds from the LHC and the DM relic density are sensitive to disjoint sectors of the MSSM parameter space. The LHC data have little bearing on DM physics in such models. This intriguing possibility was recently emphasized in [15] .
The main point in [15] was that the experiments at the LHC are designed for searching the squarks and the gluinos. Naturally the data severely restricts the strongly interacting sector, i.e., the masses of these sparticles. These bounds are only mildly sensitive to the electroweak (EW) sector. On the other hand the DM relic density may very well be produced exclusively by the EW spartciles having properties insensitive to the strong sector. Thus only in specific models with correlations among the masses of the sparticles in the strong and EW sectors, DM physics may be constrained by the LHC data.
The minimal supergravity (mSUGRA) model [16] , also known as the constrained MSSM (cMSSM), is a case in point. Here the squark-gluino mass bounds can be easily translated into restrictions on the spectrum of the EW sparticles. As a result it is now well-known that the mSUGRA parameter space allowed by the relic density data has been severely depleted by the LHC constraints [13] .
In contrast the sparticle spectra in the strong and EW sectors are independent in the unconstrained MSSM. For a given strong sector consistent with the LHC data, there could be many allowed EW sectors with different characteristics. This was illustrated in [15] with the help of several benchmark scenarios. These scenarios consist of different EW sectors each consistent with the relic density data. It was found that the changes in the squark-gluino mass limits were rather modest (10 -15 %) of the order of the theoretical uncertainties in most scenarios 2 .
In the unconstrained MSSM the EW sector is, therefore, restricted by the rather modest bounds from LEP [19] and Tevatron [20] only. These bounds obtained by direct search of EW 2 In [15] as well as in this paper it is assumed that the masses of the sparticles in the strong and EW sectors are well separated. In compressed SUSY models [17] with approximate mass degeneracy between the above two sectors the squark-gluino mass limits are significantly weaker [7, 18] sparticles, are much smaller than the TeV landmark for supersymmetric models in general.
Model independent lower limit on the chargino mass from LEP data is 103.5 GeV [19] . The same on the slepton (smuon) mass is 96.6 GeV 3 (for m χ 0 1 = 40 GeV). The limit from the unsuccessful trilepton search at the Tevatron is 145 GeV on chargino mass for a specific choice of parameters in the mSUGRA model.
It was also illustrated in [15] that there are many purely electroweak annihilation and coannihilation mechanisms for DM production in the unconstrained MSSM which are not viable in the cMSSM (see Section 2.2 of [15] ). Some examples are the annihilation of a LSP pair into the lighter Higgs scaler resonance or the Z resonance, the LSP -sneutrino co-annihilation etc. Thus obtaining direct constraints on the EW sector from the LHC is of crucial importance.
It is encouraging to note that the LHC data on direct production of EW gauginos (the charginos and the neutralinos) and charged sleptons are now available (see below). In this paper we shall extend the analysis of [15] using more recent LHC data including the measurement of the Higgs boson mass [21] and the results of the direct searches for the electroweak(EW) sparticles.
Searches for direct production of EW gauginos and charged sleptons in final states with two or three leptons has been reported by ATLAS [22, 23] As no excess was observed in any of the channels studied so far, upper limits at 95% CL were set in the R-parity conserving phenomenological MSSM (pMSSM) model [27] and in several simplified models.
These limits are presented in the figures of [22] [23] [24] [25] [26] . Some of the figures have been 3 This limit is valid for the R-type smuon. However, it also yields a conservative limit for L-type sleptons having larger production cross section. 4 In this paper lepton (slepton) denotes a particle (sparticle) carrying e or µ flavour. If the discussion involves τ or stau, it will be explicitly mentioned.
reproduced in this paper for ready reference (see the next section). We wish to stress that these constraints are either independent of or very mildly dependent on the strong sector.
Most of the above models contain sleptons (either L or R-type) lighter than the lighter chargino and the second lightest neutralino. This feature spectacularly enhances the leptonic signals from the pair production of EW gauginos in general. Moreover, the current direct slepton searches at the LHC are already sensitive to light L-type sleptons.
From the point of view of collider signals alone these models may appear to be only a subset of many possibilities in the MSSM. They, however, become more appealing in the context of neutralino DM. It is wellknown that the presence of the light sleptons provides efficient mechanisms for relic density production in the Universe. The importance of the R-sleptons in this respect has been appreciated for a long time. It was recently emphasized in [15] that even with light L-sleptons and sneutrinos, the LSP-sneutrino coannihilation may turn out to be an important DM producing mechanism. Moreover, the contribution of light sleptons and gauginos can enhance the theoretical prediction as required by the measurement of the (g-2) of the muon ( (g − 2) µ ) [28] . This will be briefly discussed in a subsequent section.
One of the goals of this paper is to identify the parameter spaces allowed by the relic density data in some of these models and to explore the impact of the LHC constraints on them.
If in addition to light EW sparticles, there are squarks and gluinos within the reach of future LHC experiments, the light slepton scenario may significantly modify the signatures of squarks-gluino production. Typically these signatures consists of final states with nleptons + m -jets + E / T , where n and m are integers. It is usually believed that the n = 0 case provides the best discovery channel or produces the strongest mass limits. In the light slepton scenario the EW gauginos present in the squark-gluino decay cascades, decay into final states involving e and µ with large branching ratios (BRs). This depletes a part of the zero lepton signal weakening there by, the prospect of discovery or the mass limits. This was also demonstrated in the context of the Tevatron data on squark gluino production [29] . In contrast the signal with n ≥ 1 will be correspondingly enhanced. On the other hand if the above gauginos dominantly decay into τ rich final states via a light stau, the 0l signal will be enhanced. These points were discussed [15] along with demonstrations in benchmark scenarios using 7 TeV data.
In this paper we shall address these issues in farther details in the light gluino -heavy squark scenario using the data from the 8 TeV run. The possible enhancement of signals with n ≥ 1 will be illustrated with the help of the same sign dilepton (SSD) + jets +E / T channel.
We shall demonstrate that in some regions of the parameter spaces under consideration, the SSD channel may even provide better sensitivity compared to the 0l channel.
The plan of the paper is as follows. In Section 2 we shall consider several models constrained by the ATLAS and the CMS collaborations from electroweak SUSY signals and identify the parameter spaces compatible with both LHC and DM relic density data. We shall also consider some variants of the above models which leave the collider signals unaltered but provide elegant mechanism of relic density production. In Section 3 we shall discuss qualitatively some issues related to future electroweak SUSY signals. We shall also consider the modification of gluino mass limits in the light slepton scenario. The relative strength of the jets + E / T and SSD + jets + E / T signal will be advocated as the smoking gun signal of the light slepton scenario. We shall also briefly comment on (g − 2) µ in the light slepton scenario and its compatibility with ATLAS [25] and the relic density data. Our main results will be summarized in the last section.
Neutralino DM in the MSSM with light EW sparticles
We begin by briefly reviewing the chargino-neutralino sector of the MSSM. In the most general MSSM the charginos( χ ± i , i = 1,2) and the neutralinos χ 0 i , i = 1-4 ) are admixtures of the SU(2) gauginos (the winos), the U(1) gaugino (the bino) and the higgsinos (the superpartners of the Higgs bosons) with appropriate charges. These mixings essentially depend on 4 parameters -the gaugino mass parameters M 1 and M 2 , the Higgs mass parameter µ and tanβ, the ratio of the vacuum expectation values of the two Higgs doublets. For |µ| Through out this paper we have set m h ≈ 125 GeV by taking the trilinear soft breaking term A t as large . No special SUSY breaking mechanism has been assumed.
However, if any model considered in this paper can be motivated by a mSUGRA type scenario with radiative EW symmetry breaking and non-universal soft breaking terms, we have pointed it out.
The ATLAS collaboration have searched for chargino-neutralino ( χ
2 ) pair production [22, 23, 25] within the following frameworks.
• The Light Gaugino and R-slepton (LGRS) Model: This is a phenomenological MSSM )/2. As a result the BR of chargino decay in slepton-neutrino and sneutrino-lepton mode of each flavour is the same. Similarly the 5 The pMSSM is a model based on the MSSM with some extra assumptions like no flavour changing neutral current, no CP violation etc. It has 19 free parameters all defined at the EW scale [27] χ 0 2 decay into neutrino-sneutrino and lepton-slepton pairs of each flavour with equal probability.
• The Light Gaugino Heavy Slepton Model (LGHS): This is a simplified model with heavy sleptons. In this scenario both L and R-type sleptons are assumed to be heavy.
Here χ ± 1 and χ 0 2 decay only via on-shell or off-shell W and Z bosons respectively and the LSP. These two gaugino mass eigenstates are assumed to be wino dominated and mass degenerate while the χ 0 1 is bino dominated.
The CMS collaboration have also searched for final states with two, three and four leptons indicating the direct production of charginos and neutralinos [24, 26] . In their analysis the χ The current LHC experiments are sensitive to L-type slepton pair production only. The cross-section of R-type slepton pair production is far too small to affect the present search results. However, they may have significant influence on relic density production. We shall also consider models with both R and L type sleptons with equal soft breaking mass parameters (the Light Left and Right Slepton (LLRS) Model).
We have considered two variants of the LLRS models. First we have taken µ = 1 TeV as before. Here the µ tanβ term induces large mixing in the stau mass matrix and the lighter stau mass eigenstate ( τ 1 ) could be significantly lighter than the other sleptons so that it turns out to be the NLSP. This model will be referred to as the LLRS model with large mixing (LLRSLM).
Next we choose µ = 400.0 GeV. Here all L and R sleptons are approximately mass degenerate due to small mixing in the stau sector. As a result the sneutrino is still the NLSP. This is the LLRS model with small mixing (LLRSSM).
In this paper we have computed the sparticle spectra and the decay BRs using SUSPECT (v2.41) [30] and SDECAY [31] . DM relic density has been computed by micrOMEGAs (v.2.4.1) [32] . The observed DM relic density (Ωh 2 ) in the universe measured by the Wilkinson Microwave Anisotropy Probe (WMAP) collaboration [33] is given by Ωh 2 = 0.1126 ± 0.0036. If 10% theoretical uncertainty is added [34] then the DM relic density is bounded by 0.09 ≤ Ωh 2 ≤ 0.13 at 2σ level.
Observed 95% CL exclusion contours in the µ − M 2 plane in the LGRSa, LGRSb,
LGRSc models introduced above have been obtained by ATLAS [23, 25] co annihilation are the dominant relic density producing mechanisms. A modest fraction of the relic density is also produced by annihilation into the W + W − for relatively low µ which become rather tiny for µ ≥ 500.0.
The same qualitative features are also observed in Fig. 1(b) . In Fig. 1 (b) the combination of ATLAS and WMAP constraints also favour a bino dominated LSP. However, a sizable wino and higgsino components are allowed for relatively small µ. Here LSP annihilation into gauge boson pairs is the dominant source of relic density production while bulk annihilation as well as LSP -slepton coannihilation is also present. As µ increases the former becomes less important and for µ > ∼ 500 it reduces to the 10 % level. In Fig. 1(c) with relatively large M 1 the situation is somewhat different. Here the parameter space between the blue line and the upper red line is allowed. The lower left corner corresponding to relatively low µ and M 2 is forbidden because of large cross sections. The upper right corner corresponding to relatively large µ and M 2 is disfavoured by the negative LHC search result since the mass difference between χ If the chargino -LSP mass difference is small we also get the correct DM relic density Red lines represent observed 95% CL limit contours for chargino and neutralino production in the simplified models (with heavy sleptons) by ATLAS [23, 25] . Blue lines correspond to 7 TeV limits from 3l
analysis [23] . The X marked black points are allowed by the WMAP data.
along a coannihilation strip near the m χ We have also considered the constraints from CMS [24] in the LGRS model. The 95 % CL exclusion contours are presented in Fig. 3 . Exclusion contours for LGRSe, LGRSf,
LGRSg models are represented by violet, red and blue lines. If xl is varied, the limits on chargino -neutralino masses do change but not drastically. ≈ m h /2 line are also consistent with the observed DM relic density for R-slepton masses in the small range (100 -110 GeV) just above the LEP limit(see Fig. 3 ). These regions correspond to different m χ In the LLS model (blue + points ) the DM producing mechanism is as in Fig. 4 . In the LRS model (black triangles) above the Higgs resonance there is a tiny slepton mass range for each LSP mass which yields the correct DM relic density via bulk annihilation (near horizontal lines). As the LSP mass increases LSP-R-slepton coannihilation (sharply falling lines) opens up. In the LLRSLM model (red cross marks) both left and right hand slepton mass input parameters are same and here the stau is the NLSP. The DM producing mechanisms are as in Fig. 4 .
Some of the WMAP allowed points in Fig. 5 lead to interesting collider signals as we shall discuss in the next section.
The ATLAS collaboration has also searched for chargino-neutralino production in the
LGLS model. The main results are summarized in Fig. 7 (a) of [25] . We follow their choice of the charged slepton mass: ml
)/2. However, we donot make the unreal-istic choice ml L = mν. It may be noted that due to SU(2) L breaking D-terms the sneutrinos are always lighter than the corresponding charge sleptons. For computing the relic density and the collider signals we shall use the well known relation between slepton and sneutrino masses in the MSSM. This may have non-trivial consequences for DM relic density production via the co-annihilation of the LSP with the sneutrino NLSP. This happens to be the most important relic density production mechanism as in the LLS model discussed above.
It is also worth noting that the modified sneutrino mass in the LGLS model may change in principle the bounds depicted in Fig. 7 (a) of [25] . We have checked that for lighter sneutrinos the BR of the decay χ 
Collider Signals and Other Observables
It follows from the last section that if m χ 0 1 ≈ m h /2 the required DM relic density can be produced even if all other EW sparticles are heavy. The monojet + E / T events [35] can in principle probe this scenario. There are recent suggestions that this LSP mass can be probed by the upcoming direct search experiments [14, 36] . This scenario reminds one of the importance of a e + e − collider which can efficiently detect invisible particle production via the process e + e − → γ + E / T . In this case the high energy photon is generated by initial state radiation and can be detected easily in the clean environment of a e + e − collider [37, 38] . In the models where the sneutrino is the NLSP, it decays invisibly. In such case this signal will be further enhanced [37, 39] . However, the coannihilation strips in Figs. 2 -4 will be difficult to probe at the LHC via the conventional electroweak signals. This is essentially due to the fact that they involve two or more degenerate sparticles. It may be recalled that the LEP experiments obtained bound on sparticle mass even if such particles are nearly degenerate with the LSP. It is, therefore, reasonable to believe that the sparticles producing the DM relic density via suitable coannihilation mechanism can be successfully searched by the future e + e − experiments.
There are scenarios, not discussed above, which can efficiently produce the DM relic density but the LHC signatures will be rather hard to detect in the near future. The light R-slepton (LRS) scenario is a case in point. Here the DM relic density can be efficiently produced by bulk annihilation and/or LSP -R-slepton coannihilation. However, as already noted the R-slepton pair production cross section at the LHC is too small. Again a e + e − collider will be best machine for probing this scenario.
If one or more strongly interacting sparticles are just beyond the current reach of the LHC experiments, then some of the light sleptons scenarios allowed by the WMAP data may lead to distinctive signatures in the n-leptons + m-jets + E / T channel for different values of n. This was demonstrated by the light stop scenario or the light stop-gluino (LSG) scenario in [15] .
Several other groups have also considered such possibilities [40] . In this paper we shall concentrate on the light gluino -heavy squark scenario. We substantiate the above claim with the help of several benchmark points chosen from the models introduced in the last section. All points are allowed by LHC and WMAP constraints. In the following discussion we take m g = 1 TeV which is approximately the current gluino mass limit if all squarks are heavy.
The mass spectra corresponding to our benchmark points are presented in Table 1 . The decay modes relevant for the gluino signal and their branching ratio (BRs) are included in Table 2 . Next we will discuss the characteristics of these points.
BP1 and BP2 are taken from LGRSa and
LGRSc scenarios (Figs. 1(a) and 1(c)) respectively. Note that the decay modes and BRs are very similar for these two points. However, the gaugino masses are relatively large in BP2. For reasons already discussed the χ ± dominantly decays to τ 1 ν τ .
BP3, BP4, BP5 are chosen from the LGHS scenario (Fig. 2) . In BP3 and BP4 m χ 0 1 ≈ m h /2. In both the cases the correct DM relic density is produced due to the Higgs resonance.
) is much larger than BP3. As a result χ Table 2 : The BRs (%) of the dominant decay modes of g (for m g = 1 TeV), χ ± 1 and χ 0 2 for the benchmark points. Here l stands for e and µ, but ℓ denotes all three generation leptons.
BP6 is chosen from LGRS (Fig. 3) where right handed slepton mass = 0.75 ×m χ 0 1 + 0.25
( xl = 0.25). Here the LSP-slepton mass difference is rather small while charginoslepton mass difference is large. In this case the relevant decay modes and their BRs are similar to BP1 or BP2. We have also considered xl = 0.25 and 0.5, but the gluino signal discussed below does not show any new feature.
BP7 is chosen from LLS scenario (Fig. 4) . The chargino is much heavier than the slepton but lighter than the gluino. This does not affect the slepton pair production signal. Here BR ( g → χ 0 1 qq) is 60 %. As a result the SSD signal will be suppressed (see Table 3 ). This point is also allowed by the chargino -neutralino search in LGLS model (see Fig. 7(a) of [25] ).
BP8, BP9 belong to the LGLS model discussed at the end of the last section. These points are allowed by the chargino -neutralino search (see Fig. 7 (a) of [25] ) and consistent with the WMAP data (see Fig. 5 ).
The point BP10 in the LGLRS scenario with both light L and R type sleptons is consistent with the WMAP data ( Fig. 5 ) and all LHC search results.
Next we turn our attention to the n-leptons + m-jets + E / T (n ≥ 0) signal in the light gluino scenario. We have concentrated on the gluino mass limits obtained in the n = 0 and n = 2 (SSD) channel using the current ATLAS data.
ATLAS group has updated their result for SUSY search in jets + E / T channel (n = 0) for
. They have defined five inclusive analysis channels labelled as A to E according to jet multiplicity from two to six. The details of the cuts are given in Table   1 SRD-Tight, SRE-Tight, SRE-Medium, SRE-Loose are 8.9, 33.9, 224.8, 7.3, 43.8, 3.3, 17.9, 65.7, 6.0, 9.3, 9.9, 10.4 respectively [9] .
Event selection criteria and details of the cuts for two same sign dilepton search by ATLAS are available in [10] . The observed upper limits on N BSM at 95 % Confidence Level (CL) for this channel at L = 5.8 fb −1 is 6.3.
We have adopted the different selection criteria for different signal regions and checked whether the no of events coming from g g pair production exceed the corresponding upper limit for atleast one signal region. In this way we have derived the new limits. Using PYTHIA (v6.424) [41] Monte Carlo (MC) event generator, we have generated the signal.
The next to leading order (NLO) cross-section for the g g pair production have been computed by PROSPINO 2.144 [42] with CTEQ6.6M PDF [43] .
Points
Limit on m g (GeV)
Jets Table 3 : Limits on m g using the ATLAS jets + E / T [9] data and the SSD [10] data.
Limits on m g using the ATLAS jets + E / T [9] data and the SSD [10] data are presented in Table 3 . In most cases the SRD-Tight signal region is effective in finding the revised exclusion limit for different EW sectors.
It is clear from Table 3 ) and BP5 (due to small mass differences among the EW gauginos). It will be interesting to check whether the higgs boson in the final state can be reconstructed to distinguish BP4 from other scenarios. In BP5 a fare fraction of the final state will contain an isolated photon (see Table 2 ). In fact we have checked that all along the coannihilation strip in Fig. 2 For BP1, BP2, BP6 and BP7 gluino mass limit is about 1 TeV from the jets + E / T data.
The SSD channel puts weaker constraints. In BP7 with relatively heavy chargino, the limits from the SSD channel disappears.
In BP8, BP9, BP10 jets + E / T data puts a weaker limit on m g (see Table 3 for details).
In fact in all cases the SSD (2l) signal is more sensitive to m g than the 0l signal. It may be noted that all these points are either from LGLS or LGLRS scenario i.e., the models contain light L-sleptons.
Points With light slepton Without light slepton Table 4 : Here r 1 ( r 2 ) represents the ratio of 0l signal, with SRD-Tight signal region [9] , and 2l signal [10] for m g = 1.2 TeV for light (heavy) sleptons.
The above discussions suggest that should a SUSY signal be seen, the relative size of 0l and SSD signal may provide some hint for the underlying electroweak sector with light sleptons. In Table 4 we present the ratio r 1 of 0l events (with SRD-Tight signal region) [9] and the SSD events [10] for m g = 1.2 TeV. In the second column the sparticle spectra as in Table 1 have been used to compute r 1 . In the third column only the light sleptons in each scenario are replaced by heavy sleptons for computing the same ratio denoted by r 2 . It may be noted that irrespective of the electroweak sector concerned r 1 < 10. On the otherhand in other scenarios not presented in Table 4 , r 1 is very large. This ratio, free from many theoretical uncertainties, may turn out to be an useful model discriminator.
Interest in the light slepton scenario builds up in the context of the discrepancy between the measured value of the (g-2) of the muon [28] and the standard model prediction. For a review of the theoretical prediction see, e.g., [44] . The alleged disagreement,however, hinges on the belief that the tiny corrections to (g − 2) µ due to low energy strong interactions can be computed very accurately. It is claimed that this can be achieved by computations using the e + − e − → hadron data. One then finds that a positive contribution from physics beyond the SM of ∆a µ ≡ a µ (exp) − a µ (SM) = (26.1 ± 8.0) × 10 −10 is required to resolve this discrepancy. It is worth noting that if the same corrections are computed using the hadronic τ decay data the agreement between the SM prediction and the measured value improves.
For a recent critical appraisal of different methods of computing the hadronic contribution and possible sources of error see, e.g., [45] .
It is well-known that SUSY can potentially enhance the (g − 2) µ . The major SUSY contributions may arise from i) the chargino -sneutrino loop or ii) the neutralino -smuon (both L and R -type) loop [46] SUSY contributions of type i) naturally arises in the LGLS model. Recently this model has been constrained by simultaneously using the ATLAS data on chargino -neutralino search and the (g − 2) µ data (see Figs shown in these figures. Using micrOMEGAs [32] we have checked that these points simultaneously satisfy the LHC, the DM relic density and the (g − 2) µ constraints.
The contribution of type ii) arises in the light gaugino and light L-R type slepton model if the higssino mass parameter µ is large (the LGLRLM). The EW signals in this model have not been investigated by the LHC experiments. However, as in the LGLS model the relevant constraints have been presented in Fig. 1(d) of [47] . In the model of [47] the right sleptons are heavier than the L-sleptons and the sneutrino is the NLSP. As a result the sneutrino is the NLSP and NLSP -LSP coannihilation is the dominant DM producing mechanism. Thus the region just above the thick black line of Fig. 1(d) of [47] represent the parameter space consistent with the WMAP data which is also allowed by the (g − 2) µ and LHC constraints.
Conclusions
In this paper we have considered several scenarios involving light EW sparticles (Section 2) which can potentially explain the observed DM relic density of the universe. Some of these scenarios have been constrained by the ATLAS and CMS data.
In the most economical model only the LSP is light with mass m annihilation into the h-resonance, LSP -sneutrino (NLSP) co-annihilation could be the main relic density producing mechanism (see Fig. 4 ). The co-annihilation strip corresponding to a small mass difference between the LSP and the L-slepton is far away from the parameter space sensitive to the current LHC experiments. This indicates that it will be hard to test this model by the LHC experiments at least in the near future.
A three particle model consisting of light L and R-type sleptons (LLRS) in addition to the LSP will have the same LHC signature as the LLS model. However, due to the R-slepton the DM producing mechanism could be different depending on the magnitude of mixing in the stau mass matrix which determines whether the lighter stau or the sneutrino would be the LSP. The parameter space consistent with the WMAP data with the choice ml R = ml R is shown in Fig 4. The regions lying close to the present exclusion contours may be probed by the next round of LHC experiments.
We have also considered the LLRS model with larger LSP and slepton masses. The parameter space consistent with the WMAP data is shown in Fig. 5 . The dominant relic density producing mechanisms are more or less the same as the ones discussed above.
A model with heavy sleptons but relatively light χ iments. The CMS collaboration has assumed a more general relation between the slepton and the gaugino masses (see Section 2). The resulting constraints both from LHC and the observed relic density can be found in Fig. 3 . A large fraction of the parameter space consistent with the WMAP data has already been excluded. The regions close to the exclusion contours may be probed in the near future. Probing the long coannihilation strips with nearly degenerate R-slepton and the LSP at the LHC will be rather challenging.
A similar model comprising of χ )/2 can be found in Fig. 7(a) of [25] . The main relic density producing mechanism is the LSP-sneutrino co-annihilation. As a result the mass splitting between the slepton and the LSP is also small but not as small as that between the LSP and the sneutrino. Nevertheless the trilepton signal in this model would be rather hard to detect.
The model with light electroweak gauginos and both L and R type sleptons (LGLRS) have not been tested at the LHC. However, we have considered the signatures of this model in the light gluino scenario (Section 3).
In addition to a light EW sector the gluino could be relatively light without affecting the predictions for the DM relic density. However, this may lead to interesting consequences for LHC search. In Table 3 we present the revision of the gluino mass limit for different benchmark scenarios (see Table 1 ). These scenarios are consistent with the LHC constraints on the electroweak sparticles and the observed DM relic density. It may be recalled that in the mSUGRA model the strongest gluino mass limit for heavy squarks is about 1 TeV. This is obtained by the searches in the jets + E / T channel which is expected to yield the strongest limit. It is worth stressing that in scenarios with light L-sleptons ( BP8, BP9 and BP10) the limit may be relaxed by as much as 25%. The corresponding limits in the SSD + jets + E / T channel, however, are quite competitive with the existing limits.
If the gluinos are just beyond the current reach of the LHC then different EW scenarios can be distinguished by the n-leptons + n-jets + E / T signal. This is illustrated by the relative rates of the signal events for n=0 and n=2 (the SSD signal) measured through the ratio r 1 defined in Table 4 . It may be noted that this ratio involves very little theoretical uncertainty and can be measured with sufficient accuracy if the backgrounds are reduced to negligible levels with the accumulation of data. On the one hand there are scenarios where the SSD signal is strongly suppressed and r 1 is very large (see Table 3 ). On the other extreme there are the LGLS or the LGLRS scenario where r 1 is rather small (Table 4 second column).
In any case in all models with either L or R type sleptons r 1 < 10. If the light slepton is removed the corresponding ratio r 2 is much larger.
It is worth noting that the LGLS or the LGLRS model can potentially remove the alleged discrepancy between the theoretical prediction for (g − 2) µ in the SM with the data. The parameter space compatible with LHC, WMAP and (g −2) µ constraints can be easily located in Fig. 1 of [47] . The regions just above the thick black lines indicating m ν ≈ m χ 0 1 in Figs. 1(a), 1(b) and 1(d) satisfy all the above constraints.
The light slepton scenario as discussed in this paper are intimately connected to novel collider signatures, the observed DM relic density of the universe and enhanced prediction for the (g − 2) µ of the muon. It is, therefore, extremely important to asses the prospect of searching the chargino-neutralino and slepton pair production signals at the LHC 13/14 TeV.
A recent analysis has addressed the prospect of gaugino pair production via gauge boson fusion at the LHC 14 TeV experiments [48] .
In this context it may be noted that in a large parameter space of the EW sector of the MSSM, not extensively discussed, in this paper, the stau is the NLSP. In these regions the electroweak signals dominantly consists of tau rich final states [49] . Using efficient tau tagging at the LHC one can probe additional parameter spaces via these channels.
